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Introduction



Reaction plane

Ψ
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We work in the frame where ΨRP = 0



Chiral Magnetic E�ect
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for same sign pairs:
〈
sin(φα) sin(φβ)

〉
> 0



Integrated signal



STAR data
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from
〈
cos(φα − φβ)

〉
=

〈
cos(φα) cos(φβ)

〉
+

〈
sin(φα) sin(φβ)

〉
〈
cos(φα + φβ)

〉
=

〈
cos(φα) cos(φβ)

〉− 〈
sin(φα) sin(φβ)

〉

we obtain
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Same sign
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Opposite sign
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where is the parity?
〈
sin(φα) sin(φβ)

〉
same

≡ P + Bout

〈
sin(φα) sin(φβ)

〉
same

' 0

in consequence:

P ' −Bout

This is an unexpected relation ...
maybe it is lucky coincidence?
in order to answer that question we need di�erential (pt, η)〈
cos(φα + φβ)

〉
and

〈
cos(φα − φβ)

〉



pt distribution



STAR data

〈
cos(φα + φβ)

〉 ∝ pt,α + pt,β and very weak dependence on
∣∣pt,α − pt,β

∣∣

We will show that the true signal is located at low pt



De�nition

〈
cos(φα + φβ)

〉
=

No. of correlated pairs [ cos(φα + φβ)]
No. of all pairs ∼ 1

1000

We can calculate the (di�erential) number of all pairs

∫
exp

(−pt,α

T

)
exp

(−pt,β

T

)
d2pt,αd2pt,β

∣∣∣∣�xed pt,α+pt,β or
�xed |pt,α−pt,β|



The number of all pairs vs (pt,α + pt,β) and
∣∣pt,α − pt,β

∣∣
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From that we can obtain pt dependence of the number of correlated pairs:
�

∣∣pt,α − pt,β

∣∣ distribution is as above (right plot)

� and multiply the left plot by (pt,α + pt,β) ...



... we obtain [all pairs (black), correlated pairs (red)]
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The observed signal is NOT inconsistent with the Chiral Magnetic E�ect



v2 and Coulomb e�ect



〈
sin(φα) sin(φβ)

〉
same

≡ P + Bout

〈
cos(φα) cos(φβ)

〉
same

≡ Bin

STAR assumption: Bin ' Bout so that |Bin −Bout| << P , then
〈
cos(φα + φβ)

〉
=

〈
cos(φα) cos(φβ)

〉− 〈
sin(φα) sin(φβ)

〉 ≈ −P

However for all 2-particle correlations that DO NOT depend on the reaction
plane

p2(φ1, φ2) = p1(φ1)p1(φ2) [1 + C (φ1 − φ2)]

we obtain

Bin −Bout ∝ v2 ⇒ 〈
cos(φα + φβ)

〉 ∝ v2



This is also true for correlations depending on
∣∣∣~k1 − ~k2

∣∣∣ or
∣∣∣~k1 + ~k2

∣∣∣

Indeed:
∣∣∣~k1 ± ~k2

∣∣∣
2 ∼ ~k1 · ~k2 ∼ cos (φ1 − φ2)

As an example we calculated the Coulomb e�ect (Gamow factor):
〈
cos(φα + φβ)

〉
same

≈ −0.5 · 10−3

〈
cos(φα − φβ)

〉
same

≈ −2.0 · 10−3

The Gamow factor is known to overestimate the e�ect.
Work in progress!

It is clear that we have to study all sources of correlations, not
only those explicitly dependent on the reaction plane orientation



Dipole analysis



In each event we can measure size and orientation Ψc
1 of the dipole

We can also determine orientation of the particle reaction plane Ψ2 and
study the relation between Ψc

1 and Ψ2



well known Q2 analysis for elliptic �ow:

Q2 cos (2Ψ2) =
∑
i

cos(2φi)

Q2 sin (2Ψ2) =
∑
i

sin(2φi)

new Qc
1 dipole analysis:

Qc
1 cos

(
Ψc

1

)
=

∑
i

qi cos(φi)

Qc
1 sin

(
Ψc

1

)
=

∑
i

qi sin(φi)

In each event: (Q2, Ψ2) and
(
Qc

1, Ψ
c
1

) ⇒ 〈
cos

(
2Ψc

1 − 2Ψ2
)〉



Monte Carlo: f ∝ 1 + 2v2 cos(2φ− 2ΨR.P.) + 2qχd1 cos(φ− ΨC.S.)

200+, 200−, v2 = 0.1, d1 = 0.05, χ = ±1
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Good discriminating power, may clarify the situation



Conclusions

• for same sign STAR sees large correlations in-plane and very small corre-
lations out-of-plane

• parity signal must almost exactly cancel out-of-plane background, maybe
this is a lucky coincidence?

• we need di�erential
〈
cos(φα − φβ)

〉
(pt, η) to answer that question

• signal is dominated by pt < 1 GeV and this is not inconsistent with the
Chiral Magnetic E�ect

• all two-particle correlations that do not depend on the reaction plane
orientation contribute to the signal (v2)



• as an example we studied Coulomb e�ect and found it surprisingly large
(work still in progress)

• we proposed direct dipole analysis that may help to clarify the situation


